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, ABSTRACT 

We report the discovery of a population of nearby, blue early-type galaxies with high star for- 
mation rates (0.5 < SFR < 50 Moyr -1 ). They are identified by their visual morphology as 
provided by Galaxy Zoo for SDSS DR6 and their u — r colour. We select a volume-limited 
\ sample in the redshift range 0.02 < z < 0.05, corresponding to luminosities of approxi- 

mately L* and above, and with u — r colours significantly bluer than the red sequence. We 
confirm the early-type morphology of the objects in this sample and investigate their envi- 
ronmental dependence and star formation properties. Blue early-type galaxies tend to live in 
(f) ■ lower-density environments than 'normal' red sequence early-types and make up 5.7 ± 0.4% 

<^> ' of the low-redshift early-type galaxy population. We find that such blue early-type galaxies 

0^ . are virtually absent at high velocity dispersions above 200 kms -1 . Our analysis uses emission 

line diganostic diagrams and we find that ~ 25% of them are actively starforming, while an- 
other ~ 25% host both star formation and an AGN. Another ~ 12% are AGN. The remaining 
38% show no strong emission lines. When present and uncontaminated by an AGN contri- 
/\ ' bution, the star formation is generally intense. We consider star formation rates derived from 

Ha, u-band and infrared luminosities, and radial colour profiles, and conclude that the star 
formation is spatially extended. Of those objects that are not currently undergoing star forma- 
tion must have ceased doing so recently in order to account for their blue optical colours. The 
gas phase metallicity of the actively starforming blue early-types galaxies is supersolar in all 
cases. We discuss the place of these objects in the context of galaxy formation. A catalogue 
of all 204 blue early-type galaxies in our sample, including star formation rates and emission 
line classification, is provided. 

Key words: galaxies: elliptical and lenticular, galaxies: evolution, galaxies: formation, galax- 
ies: fundamental parameters, galaxies: starburst 
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1 INTRODUCTION 

Early-type galaxies are a fascinating probe of galaxy formation. 
Their apparent simplicity is deceiving, since much of the physics 
that is involved in their formation and evolution is still poorly un- 
derstood. It is now common practice t o divide the galaxy population 
on a colour-magnitude diagram (e.g. lBaldrve7al]|2004l : Figure [B, 
where early-type galaxies typically appear to lie on a red sequence 
while s pirals display bluer colours and seem to reside in a 'blue 
cloud ' ^Chester & Robertsl 1 1964 iBower et alj 1 19921 : iDriver et al.1 
120061 ; iFaber et al]| 20071) . Morphological early-type galaxies resid- 
ing in this blue cloud of starforming galaxies are of great impor- 
tance for our understanding of the formation of early-type galax- 
ies and the build-up of the red sequence. These blue early-type 
galaxies do provide us with a laboratory to understand the physi- 
cal processes that underly their evolutio n (Schawinski et al. 2007bl ; 
Salim et alfeOOTtlConstantin et all200ilSchawinski et alj2009"ah . 
Schawinski et alj yOOTbJ), hereafter S07, have already shown that 
there is a significant population of such blue early-type galaxies at 
low velocity dispersion. 

Samples of blue early-type galaxies have tended to be small, 
as the most reliable way to identify th em is t hrough visual inspec- 
tion of images. In a seminal study, iHuchral < fl9773Tbb studied the 
non-Seyfert population of the Markarian catalogue and concludes 
that these Markarian systems are systematically blue for their mor- 
phology, possibly indicating an episode of recent star formation. 
This sample includes a number of systems classified visually as 
early-type (E or SO). 

Many studies attempt to select large samples by using au- 
tomated structural parameter measurements, such as concentra- 
tion to isolate early- and late-type galaxies. However, samples se- 
lected by structural quantities do not corres pond well to thos e 
based on visual morp hological classification ivan der Welll2008h . 
Fukugita et al. (2004) found three blue early-type galaxies (two 
starforming and one hosting an active-galactic nucleus, AGN) with 
star formation rates (SFR) of 2.9 and 4.8 M©yr _1 , an order of 
magnitude fainter than the highest SFR we find. A larger sam- 
ple of visually classified galaxies is presented in iFukugita et al.1 
(120071) , though the question of blue early-type galaxies is not ad- 
dressed. Early samples of blue galaxies of early-type morphology 
tended to focus on very low mass systems, such as dEs, which 
may not be the same as the more massive systems that we can 
access in the SPSS universe jKunfh et alJI 19881 ; iTelles et alj|l997l ; 
iDoublier et aljl997l) . A cat alogue of early-type gala xies with emis- 
sion lines was published bv lBettoni & Busor] J 1987h . 

In this Paper we present a new sample of 204 blue early- 
type galaxies populating the extreme blue end of a sample of 3588 
nearby early-type galaxies. We thus confirm that blue early-type 
galaxies with significant amounts of star formation exist but make 
up only a small fraction of early-types in the low-redshift Uni- 
verse and investigate their properties in detail. The parent sample 
is selected by morphology determined by careful and repeated vi- 
sual inspection. The extreme blue sample is then selected based 
on u — r optical colour. Our blue early-type galaxies can dis- 
play intense star-formation, with star-formation rates ranging from 
0.5 < SFR < 50 Moyr -1 , comparable at the low end to typical 
spiral galaxies and representing at the high end the most intensely 
starforming early-type galaxies ever detected. 



2 SAMPLE PROPERTIES 

Our sample of morphological ea rly-type galaxies is drawn from 
the Galaxy Zoo clean catalog iLintott et al.1 12008). which pro- 
vides us with visual classifications for galaxie s from the Sloan 
Digital Sky Survey Data Releas e 6 (SDSS DR6; lYork etaI]|200Cl : 
lAdelman-McCarthv et al.1 [2008h . The Galaxy Zoo classifications 
of morphology are based on the visual inspection of SDSS im- 
ag es by a large numb er of independent observers. As described 
in jLintott et alj|2008l) . Galaxy Zoo enlists the help of members 
of the public to classify the spectroscopic galaxy sample from 
the Sloan Digital Sky Survey. This selection made only via mor- 
phology is crucial when selecting non-passive early-type galaxies. 
We select all galaxies with spectra in the redshift interval 0.02 
< z < 0.05 and create a volume-limited sample by limiting to 
an absolute magnitude of M r < —20.7, which is slightly be- 
low M, for low-re dshift early-type galaxies (M r ,* = —21.15, 
iBernardi et ail2 003). In this volume-limited sample, we then focus 
on the morphological early-type galaxies. The visual classifications 
from Galaxy Zoo of the objects presented here (see Section [2~3l 
should provide robust confirmation of their early-type morphology 
as the re dshift and apparent m agnitude limits used are lower than 
those of lFukugitaetai] J2004I) and S07. The colours are derived 
from SDSS modelMags, which are optimised for galaxy colours, 
while the absolute magnitudes are based on the SDSS petroMag, 
which is a good measure of the total light. 



2.1 Selection of Blue Early-type Galaxies 

On the left-hand side of Figure Q] we plot the optical colour- 
magnitude relation for the early-type galaxies in our sample. In 
u — r colour, the majority of early-type galaxies lie on a tight red 
sequence, while a minority scatters to significantly bluer u — r 
colours. We fit a Gaussian to the u — r colour of the early-type 
population in magnitude bins of dM — 0.33 mag. Using this fit, 
we determine the 3cr offset to the red sequence and define as blue 
early-type galaxies those that are below this offset. This strong 
selection ensures that we are probing the blue extreme of the early- 
type galaxy population. On Figure Q] we indicate the mean of the 
red sequence as the solid line and the 3<r offsets as dashed lines. 
This produces a sample of 204 blue early-type galaxies. 

The overall fraction of early-type galaxies that are selected in 
this volume-limited sample is 5.7 ± 0.4%. This fraction is signifi- 
cantly higher than the 0.23% expected from a 3<r limit of a purely 
Gaussian distribution; this is due to the fact that the u — r colour- 
magnitude relation is not a perfect Gaussian, but displays an exces- 
sive scatter to bluer colours. The assumption of the colour distribu- 
tion of the red sequence as a Gaussian is nevertheless a good one 
and the blue early-types are a sub-population that scatters off this 
Gaussian. The 5.7 ±0.4% fraction is lower than that found by S07, 
as our selection via extremely blue colours is more stringent than 
their selection via emission lines. Here we only select those galax- 
ies whose colours are extremely blue, while S07 included early- 
type galaxies with emission lines that were closer to, or even on, the 
red sequence. Selecting early-type galaxies with emission lines has 
a considerable overlap with the colour selection, but there are also 
numerous early-type galaxies with emission lines that are on the 
red sequence. These red early-type ga laxies mostly show emission 
lines with LINER-l ike ratios (see e.g. lGraves et alj|2007l and S07). 
iGraves et al. show that early-types that show LINER emis- 

sions tend to be systematically younger than their passive counter- 
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Figure 1. Left: We show the the optical colour-magnitude relation for our volume-limited sample of morphological early-type galaxies. The solid line represents 
the mean of a gaussian fit to the red sequence, while the dashed lines indicate the 3<r offset from that mean. We plot all those early-type galaxies above this 3<r 
offset as small gray points and those below as large black points. On top of this, we plot a histogram of the fraction of early-type galaxies as a function of M r 
classified as blue ealy-types galaxies and the scale is indicated on the right-hand vertical axis. Right: We show the colour-cr relation for our sample, indicating 
galaxies using the same symbols. Blue early-type galaxies have velocity dispersions that are significantly lower than the majority of red early-type galaxies 
with similar luminosities. As star formation is suppressed, they will move vertically up at a given velocity dispersion as they join th e red sequence. Blu e 
early-type galaxies in the low-redshift Universe are thus building the lower-mass end of the red sequence in accordance with downsizing I Thomas et al. 2005). 
The blue early-type g alaxy fraction is a strong function of velocity dispersion and there are virtually no blue early-type galaxies above a velocity dispersion of 
a = 200 kms" 1 (c.f. lSchawinski et alj200"flb . We indicate the typical 3cr error for the blue early-types in the top right corner. 
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Figure 2. We plot the u — r colour-magnitude relations as a function of all five SDSS filter absolute magnitudes (M u , M g , M r , Mi and M z ) to illustrate 
the effect on these absolute magnitudes of the young stellar populations present in blue early-type galaxies. In the M u diagram, the young stellar populations 
boost the absolute magnitude such that blue early-types are as luminous as the most massive early-type galaxies despite their low velocity dispersion (c.f. 
Figure[T] left). As we go to redder bands, the absolute magnitude is less and less affected by the young population and the M z colour-magnitude relation is 
most similar to the colour-cr diagram. For an in-depth discussion on the selection bias introduced by this, see Section l2~2l 



parts at the same velocity dispersion. In this Paper, we are probing 
the extreme end of the active early-type population. 

If we plot the colour-magnitude relation as a function of all 
SDSS bands (see Figure it becomes apparent that the young 
stellar populations that account for the blue u — r colours affect the 
absolute magnitude. The u-band is most affected, resulting in abso- 
lute magnitudes similar to those of the most massive red sequence 
early-type galaxies. The 2 -band is least affected and is more similar 
to the colour-cr relation. The selection bias introduced by this are 
discussed in Section l2~2l 



2.2 The Faber- Jackson Relation and Sample Bias 

The distributions of M r and a in FiguresQ]and[2]support a picture 
where blue early-type galaxies are systems containing substantial 



young stellar populations with low and intermediate velocity dis- 
persions almost exclusively belo w a = 200 kms~ , i n accordance 
with t he picture of downs izing faiomasetai1l2005U Nelan et al.l 
120051 : iBernardi et alj|20ol) . There are extremely few blue early- 
type galaxies with a > 200 kms" 1 in the low-redshift Universe. 
The absence of blue early-type galaxies at high velocity dispersions 
cannot be accounted for by any selection effects. 

In Figure [3] w e plot the Faber- Jackson relation 
dFaber & Jacksorj|l976h . we can see that blue early-type galaxies 
(black points) scatter away from the position of red early-types 
(gray points). The velocity dispersions of these systems are 
unaffected by young stellar populations, but their boosting of the 
absolute magnitude i s suffi cient to account for the offset. In Figure 
[3] we use Mara stonl d2005h models to show the expected fading of 
stellar populations given a selection of mass fractions and other 
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Figure 3. In this Figure, we present the Faber- Jackson relation iFaber & Jacksoij[l976T) for our volume-limited sample of early-type galaxies. The absolute 
magnitude cut is indicated by the dashed line. As in Figure [T] we indicate red early-type galaxies as small gray points and blue early-type galaxies as larger 
black points. The blue early-type galaxy population scatters off the locus of their red counterparts. This may lead to selection bias (see Section l2~2l as the 
more luminous blue early-type galaxies at lower velocity dispersions are put into the volume-limited sample. We indicate how blue early-type galaxies might 
fade to the Faber- Jackson relation by determining the amount of fading expected from a v ariety of starburst m odels. We place a young population of 1%, 10% 
and 63% mass fraction on top of an 8 Gyr old solar metallicity SSP with E(B-V) = 0.05 (Calzetti et al. 2000), corresponding to models A, B and C. We then 
calculate the expected fading starting from 100 Myr age to 500 Myr, 1 Gyr and 2 Gyr. We use grayscale to indicate these time steps. For each mass fraction, 
the left bars represent a rapidly declining star formation history where the young burst is modelled as an exponentially declining star formation history with 
t — 100 Myr. The right bar represents a r = 1 Gyr. If these star formation histories roughly represent those of blue early-type galaxies, then a return to the 
Faber- Jackson relation within ~ 1 Gyr is plausible for starbursts of a few percent by mass. 



parameters to show that a declining star formation history will 
place blue early-type galaxies on the Faber Jackson relation within 
1 Gyr. 



The boosting of the r-band luminosity will introduce a bias 
on our selection of a volume-limited sample with M r < —20.7 as 
blue early-type galaxies at lower velocity dispersion will enter this 
selection, while red early-type galaxies will not (c.f. Faber Jack- 
son relation, Figure[3](- Thus the fraction of blue early-type galax- 
ies of 5.7 ± 0.4% should be viewed as an upper limit on the blue 
fraction given our selection. A sample selection that is complete 
in velocity dispersion encounters the problem that the reliability of 
the visual inspection decreases as a function of apparent magnitude 
jBamford et al.l200ljh . and so the purity of the sample will be com- 
promised. The blue early-type galaxies presented here are low- to 
intermediate-mass early-type galaxies, not M* and more massive 
systems. In a complete, mass-selected sample, the fraction of blue 
early-type galaxies at the high-mass end would be low. 



2.3 Confirmation of Early-type Morphology 

As discussed earlier, this sample of blue early-type galaxies is at 
lower redshift and apparent magnitude and so the visual classifica- 
tion is highly secure. We present example gri images to illustrate 
this in Figure [4] We also provide images of a sample of galaxies 
classified as face-on spirals in the same luminosity and redshift 
range in Figure[5]for comparison. By using the Galaxy Zoo clean 
sample, we further ensure that we have only selected galaxies about 
which a substantial majori ty of classifiers (> 80% by weighted 
vote, see lLintott et al. 2008 for a discussion) concur. 

The most relevant comparison for Galaxy Zoo early-types is 
with th ose of the MOSES (Morphologically Selected Ellipticals in 
SDSS; 1 Schawinski et a l. 2007b) sample, selected by one profes- 
sional classifier. Essentially all of the MOSES early-types included 
in Galaxy Zoo (> 99.9%) were found to be early-type. How- 
ever, the Galaxy Zoo early-type sample included a small number 
of galaxies that were not cl assified as early-type in MOSES; com- 
parison with the sample o f lFukugitaet"ai]j2007l) who provided de- 
tailed classifications of ~3000 SDSS galaxies suggests that these 
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Figure 4. In this Figure, we show example SDSS gri composite colour images for a sample of blue early-type galaxies. The galaxies shown here are all 
classified as purely starforming (see Section 1241 . The objects here all have aperture-corrected Ha SFR > 5 M0yr _1 . These objects all have higher star 
formation rates than any previously known visually-classified early-type galaxy. The images measure 51.2" X 51.2". 




• 



Figure 5. In this Figure, we show example SDSS gri composite colour images for a sample of face-on spiral galaxies selected by applying the same redshift 
and luminosity cuts that define our blue early-type galaxy sample. Their purpose is to indicate the image quality in Figure [4] which may not be apparent due 
to the lack of features of early-type galaxies. These images also indicate how a starforming disk or spiral arms of any prominence appear in images of this 
quality and so establishes their absence in our morphological early-type sample. 



extra galaxies are likely to be SO galaxies. Each of the galaxies in- 
cluded in the present sample were inspected by an expert classifier 
(KS) and found to be of early-type morphology. 

A further advantage of the Galaxy Zoo classifications rests 
in the fact that we have multiple classifications for every object. 



This allows us to statistically analyse the distributi on of classifica- 
tions t o assess its reliability. In a companion paper, iBamford et al.l 
d2008h statistically assess the bias of galaxy classifications from 
Galaxy Zoo and SDSS as function of luminosity and redshift. This 
study underlines the need for our selection of low redshift, high- 
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Figure 6. We show the SDSS spectra of four blue early-type galaxies processed with GANDALF. For each galaxy, we show the whole galaxy spectrum in the 
restframe. The best fit is overplotted in red, while the fit to the emission lines is shown in blue. The residuals for this fit are also shown by the small points at 
the lower end of each panel, where the dashed lines further show the average level of the residuals that is used assess the detection of the emission lines. We 
further focus in on two wavelength regions of interest around Ha+[NII] and H/3+[OIII]. All four spectra feature deep Balmer absorption lines and some show 
considerable dust extinction. 
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Figure 7. In this Figure, we show the emission line ratio diagrams for our blue early-type galaxy sample (BPT diagram; Bald win. Phillips. & Terlevich 1981). 
Only objects where all four lines in each diagram are detected with S/N > 3 are plotted. In eac h panel, we use a different line from left to right: [Nil] A6583, 
[SII] A6583 and [OI] A6583. All obje cts below the line l abelled Ka03 I Kauff mann e7aT]|2003h are classified as purely starforming. All objects between the 
Ka03 line and the line labelled KeOl fewlev et alll200ll) are AGN+SF composites. The line from S07 divides Seyferts and LINERS on the [Nil] diagram. 
All objects beyond this line are separated into Seyfert AGN and LINERs where possible with the [OI] or [SII] diagrams. 



luminosity galaxies for obtaining the high reliability of visual in- 
spection needed to rule out any significant l ate-type/spiral interlop - 
ers in this sample. Based on the estimates of Ba mford et alj (2008), 
we conclude that our sample as a maximum contamination of spi- 
ral interlopers of ~ 4%, which corresponds to 8 objects in the blue 
early-type sample. This makes our sample exceedingly clean; Sa 



spiral galaxies with distinct disks and spiral arms are not contribut- 
ing to our sample. We confirm this by visually inspecting all 204 
objects. 
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Table 1. Emission Line Classification Results for blue early-type galaxies 



10 F 



Classification 


Number 


Fraction 






Galaxies 


Blue early-type galaxies 


204 


100% 


Starforming 


50 


24.5% 


AGN-SF composite 


52 


25.5% 


Seyfert 


15 


7.4% 


LINER 


11 


5.4% 


Weak emission lines 1 


76 


37.3% 



1 Measurement of at least one of Ha, H/3, [Nil] and [OIII] has 
signal-to-nosie less than 3; see Section l2~4l 



100 
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Figure 8. The Ha equivalent width as a function of galaxy absolute magni- 
tude to give an indication of the emission line strength. 



2.4 Emission Line Measurement 

Optical emission lines are a well-established and powerful tool 
for identifying and s eparating starforming galaxi es from AGN 
jBaldwin et a"Hll98ll ; IVeilleux & Osterbrocldll987l) . We measure 
the optical emission lines of o ur blue early-typ e galaxy sample 
using the GANDALF packagd^ dSarzi et all 2006). In Figure |6] we 
show four example spectra of blue early-type galaxies processed 
with GANDALF. We use the main emission lines ([OIII] A5007, 
H/3, Ha, [Nil] A6583, [SII] A6583, [OI] A6583 ) measured from 
such processed spectra on diagnostic diagrams dKauffmann et al.l 
l2003l ; lMiller et alj2003l:lKewlev et alJl200lLl2006h . We classify all 
galaxies where the measurements of Ha, H/3, [Nil] and [OIII] have 
a signal-to-noise of at least 3 and divide them into purely starform- 
ing, SF-AGN composites and AGN (Seyfert or LINER by compar- 
ing their line ratios on a BPT diagram). Where available, we use the 
[OI] diagram for the Seyfert-LINER separation. If [OI] is unavail- 
able, then we use [SII] and if that also is not available, the [Nil] 
diagram. To give an idea of the emission line strength, we plot the 
Ha equivalent width as a function of galaxy luminosity in Figure 

ni 

In Figure|7jand Table[T] we show our results. Only 25% of the 
blue early-type galaxies are unambiguously classified as actively 



1 Available at : http : / / www . strw. leidenuniv.nl/sauron/ 
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Figure 9. The distribution of infrared luminosities Ltr, for our blue early- 
type sample. The top panel is for the entire blue early-type galaxy sample, 
while the bottom shows the starforming objects only. The Ltr of all ob- 
jects may in part be due an AGN contribution, while the purely starforming 
sample is likely infrared luminous mostly due to star formation. 



starforming (corresponding to 1.5% of the entire early-type galaxy 
population). 

Interestingly, we find that 37% of blue early-type galaxies do 
not have S/N > 3 in at least one of the four lines. We call this 
class 'weak emission line' galaxies. The lines most likely to drop 
below S/N = 3 are H/3 and [OIII]. Out of the 76 galaxies classi- 
fied as quiescent, 32 have three lines out of four lines. This lack of 
emission lines means that those galaxies may be no longer strongly 
starforming or may not be host to a powerful AGN and that the 
source of ionising radiation driving the emission lines is weak. 

It is possible to determine an upper limit on the current SFR 
of our unclassifiable blue early-type galaxies by using whatever Ha 
line flux is measured by GANDALF. We find that they have SFRs 
< 1 M0yr _1 ; this represents the low-SFR tail of the sample (see 
Section [TTJ. S07 found that blue early-type galaxies typically un- 
dergo a burst in which 1-10% of their stellar mass are formed on 
a timescale of ~ 100 Myr. These blue early-type galaxies without 
emission lines may represent the passive evolutionary phase which 
follows this burst of star formation. They may represent the pop- 
ulation of early-types where the suppression of star formation is 
complete and they are rapidly moving towards the red sequence 
(S07). They may be distinct from normal passive early-type galax - 
ies in their UV/optical co lours as demonstrated bv lYi et al] d2005h . 
iKriek et al] d2006l . l2007t) discuss a potentially similar sample of 
early-type galaxies with suppressed star formation at high redshift. 



3 THE PROPERTIES OF BLUE EARLY-TYPE 
GALAXIES 

We now discuss the properties of the blue early-type galaxy pop- 
ulation in detail. We note that in our discussion of star formation, 
we only refer to those blue early-type galaxies classified as purely 
starforming on the emission line diagrams (see Section [2"l4l (. 
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Figure 10. In panels (a) and (b), we compare our various SFR indicators against each other for those blue early-type galaxies classified as purely starfbrming. 
In each, the empty circles stand for the 3"fibre aperture Ha SFR, while the filled circles represent the aperture-corrected Ha SFR. In (a), we compare these 
two to the IR SFR and in (b) to the u-band SFR. We also indicate the line of the 1:1 correspondence. In the case of panel (a), we find that the 3"fibre 
SFR is systematically offset from the total IR SFR, while the aperture-corrected SFR gives a good match. In the case of panel (b), the 3"fibre SFR again is 
systematically lower than the M-band SFR, while the aperture-corrected SFR is systematically higher. From this comparison, we conclude that while neither 
3"fibre nor aperture-corrected SFR is perfect, the aperture-corrected SFR is closer to the IR SFR. In panel (c), we show the histogram of the ratio of the 
3"fibre to the de Vaucouleurs scale radius and in (d), we show the histogram of physical radii in kpc that the 3"fibre corresponds to. 



3.1 Infrared Luminosities and Star Formation Rates 

We match our blue early-type galaxy sample to the IRAS 
(Infrared Astronomical Satellite) Faint Source Catalog v. 2 

i — kf ; 1 1 — ] 

(Moshiretal. 199G) to measure their infrared luminosities Lir 
dSanders & Mirabel 1996), yielding 24 matches. We find that all 
but two of those early-type galaxies that are detected range be- 
tween 10 10 < Lir. < 10 11 L Q and two objects are above the limit 
of luminous infrared galaxies (LIRGs; Lir > 10 1 Lq). In Fig- 
ure [9] we plot the distribution of infrared luminosities split into 
purely starforming blue early-types and everything else. We calcu- 
late IR (infra-red) SFRs for those galaxies in our sample that have 
been d etected by IRAS using the calibration of iGao & Solomoi] 
d2004l) and find that the IR SFRs range between 5 < SFR < 
50 M yr _1 . Using the relationships of IGao & S olomon ( 20041) . 



we can also estimate the range of HCN luminosity (10 7 < 
Lhcn < 10 8 K kms" 1 pc 2 ) and CO luminosity (10 8 ' 5 < Leo < 
10 9 5 K kms -1 pc 2 ). The IRAS FSC has a very shallow flux limit, 
so that any detections are due to the most luminous and nearest ob- 
jects. In order to study the population as a whole, we turn to Ha as 
a tracer of the SFR. 

3.2 Star Formation Rates 

We measure the Ha line luminosity, correcting for internal extinc- 
tion based on the Balmer decrem ent, and compute the star forma- 
tion rate using the calibration of iKennicuttl d 19981) for our purely 
starforming blue early-type sample. We ignore the AGN+SF com- 
posites, as we cannot know what fraction of the Ha derives from 
star formation. Since SDSS spectroscopic fibres have a 3"diameter, 
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Figure 11. The u — r colour profiles of blue and red early-type galaxies. The radial distance is normalised to the de Vaucouleurs scale radius derived by the 
SDSS photometric pipeline. In panels a and b, we show the colour profiles of blue and red early-types in two velocity dispersion bins. In both cases, we find 
that the blue colours extend to at least the scale radius, supporting the idea that the star formation in this population is spatially extended. In panel c) we test 
whether there is any clear systematic difference in the colour profile between the purely starforming early-types (in blue), and those showing evidence for an 
AGN in the emission lines (AGN+SF, Seyfert and LINER; in green). 



this yields the SFR in the central 3"of the galaxy, which corre- 
sponds for this sample to a mean of 2 kpc in radius. Assuming 
that the distribution of the star formation follows the stellar light 
of the galaxy, we can estimate the Ha luminosity lost outside the 
fibre from the ratio of the r-band flux within the 3"and the total 
Petrosian r-band flux. This typically scales the light from ~ 20% 
inside the fibre to 100%. In order to determine whether this aperture 
correction is appropriate, we compare with independent tracers of 
the total SFR: the IR S FR from the IRAS ob servations and the SFR 
from the ?t-band light I Hopki ns et al. I l2003l) . corrected for extinc- 
tion using the Balmer decrement. Our galaxies are effectively point 
sources for IRAS and so include emission from the entire galaxy. 

In FigureQI)] we show the comparison between our SFR indi- 
cators. While there is significant scatter, the aperture corrected SFR 
is generally in better agreement with the IR SFR than the fibre SFR 
and the it-band SFR lies between the aperture-corrected and fibre 
SFR. This means that the central fibre SFR only samples a fraction 
of the total SFR, which implies that star formation in blue early- 
type galaxies is not confined to a central d isk or nuclear sta rburst, 
but extends over the entire galaxy (see also lSarzi et alj2006t) . 

Even with the correction, there is still an offset between the 



Ha and it-band SFRs. This may be due to the fact that the w-band 
does not probe sufficiently obscured SF, while the IR does. This un- 
derestimation of the SFR by the it-band light is thus unsurprising. 
The better agreement between aperture-corrected Ha and IR SFR 
argues that Ha suffers less from this effect. 

For the remainder, we use the aperture-corrected Ha SFR 
which is available for the entire starforming sample, unlike the IR 
SFR. 

3.3 Colour Profiles 

Another way to probe the distribution of young stars in our galaxies 
is to plot the u — r colour as a function of radius. In FigureQT| we 
plot the u — r radial profiles for blue and red early-types in two ve- 
locity dispersion bins. Comparing at the same velocity dispersion 
is important, but at low velocity dispersions, it can be challenging 
(c.f. Section |Z2) , At low velocity dispersions, most passive, red 
early-types are not included in our volume limited sample with a 
bias against the redder, less luminous objects. We nevertheless plot 
the colour profiles for a sample with 100 < a < 110 kms -1 
(Fig. QUO and for 160 < a < 180 kms -1 (Fig. [TTJj). In both 
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Figure 12. We show cu mulative frequency distrib ution of the local density 
parameter log(p g ) (see Schawinski et al. 2007a) for both blue early-type 
galaxies and their red counterparts in the same velocity dispersion regime 
(110 < a < 150 kms -1 in order to avoid selection bias with mass. We 
use both a KS and a Kuiper test to assess the signifiance of the different 
distributions and find that they are different at 95% and 97% siginficance, 
respectively. Blue early-type galaxies prefer lower density environments 
comapred to their red counterparts. 
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Figure 14. Histogram of the HdA line index for the blue early-type galaxy 
sample. We indicate the E+A galaxy limit of 5A. 



to place blue early-type galaxies in con text, we obtain gas ph ase 
metallicities from the SDSS catalogue o f llremonti etail ( 120041) for 
those blue early-type galaxies classified as purely starforming. We 
show the distribution of gas-phase metallic ities for those object s 
with matches in their catalogue in Figure [T3l l lTremonti et al.l2004l) . 
We find that the gas phase metallicities are a ll supersolar (adopting 
the solar value of lAllende Prieto et alfeOOlt) , 

From the BPT diagrams in Figure [7] we can see that there is a 
lack of objects with high [OIII]/H/3 ratios on the starforming locus 
is naturally accounted for by the lack of low metallicity gas in blue 
ea rly-types. Comparing to the observed mass-metallicity relation 
of iTremonti et alj J2004h . the gas phase metallicities of blue early- 
type galaxies are as expected and the high metallicities are a result 
of our luminosity cut. 



Figure 13. This Figure shows the gas phase metallic ity of the starforming 
early-types from the catalog of Tremonti et al. (2004). The vertical line in- 
dicates the solar value I Allend e Prieto et al. 2001). 



cases, we find that the u — r colour is significantly bluer out to at 
least the effective radius, supporting our finding that the star for- 
mation is extended, rather than ci rcumnuclear, as has been found 
for so me massive radio galaxies jAretxaga et alj|200ll : iFfolt et al.l 
120071) . Some blue early-types do become redder at about RdeV, 
others remain blue out to several radii. Some of the massive blue 
early-types in FigurefTTb tend to red u — r colour within the central 
1/10 -Rdcv; this may be due to high levels of extinction. 

We also test whether there is any clear difference between the 
purely starforming blue early-type galaxies and those with any ev- 
idence for AGN activity (i.e. AGN+SF, Seyfert and LINER). We 
plot the colour profiles in Figure [TTt and conclude that there is no 
clear trend apparent. 

3.4 Gas Phase Metallicities 

The chemical enrichment of the interstellar medium (ISM) of 
galaxies is an important probe of their chemical evolution. In order 



3.5 Environment 

The effect of environment on galaxy formati on h as seen vigorous 
debate since the discovery o f lOemled ( fT974T) and iDressien ?1980) 
that early-type galaxies preferentially reside in clusters. It is not 
clear whether in particular the scaling relations of the stellar popu- 
lations of early-type galaxies vary at all with environment. We mea- 
sure the local dens ity of our sample using th e environ ment param- 
eter p Q defined by ISchawinski et alj d2007ah (see also lYoon et ail 
2008). This parameter samples the local galaxy distribution with 
a Gaussian kernel of 2 Mpc and represents a weighted local num- 
ber density. We calculate p g for our blue early-type galaxy sample 
and for the corresponding red early-type galaxies and show the re- 
sulting cumulative distributions in Figure[l2] In order to avoid bias 
with galaxy mass, we limit both the blue and red early-type sample 
to a range of 110 < a < 150 kms . 

The results for the two distributions of p g show that blue early- 
type galaxies clearly reside in lower-density environments com- 
pared to their red counterparts at the same velocity dispersion. We 
perform a KS test and find a probability of the two distributions be- 
ing drawn from different parent distributions of 95%. For a Kuiper 
test, the signifiance is 97%. In fact, blue early-type galaxies appear 
to be virtually absent at the typical densities of cluster centres as 
defined by a commonly used cluster catalogue based on SDSS, the 
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C4 cluster catalogue o f Mille r etalJj2005h which were explored by 
ISchawinski et al] d2007H) . 



4 DISCUSSION 

Blue early-type galaxies represent a fascinating phase in the evo- 
lution of galaxies. Quite what place they take in the overarching 
picture is still unclear. There are three general scenarios that might 
account for them. They could represent the result of a spiral-spiral 
merger whose end-product will eventually join the red sequence 
in passive evolution. They might also be early-type galaxies on 
the red sequence that are undergoing an episode of star formation 
due to the sudden availability of cold gas, making them leave the 
red sequence before rejoining it. The third p ossibility is that they 
are m ixed early-type/late-type mergers (e.g. iKhochfar & Burkerq 
2003), meaning that one progenitor originates from each the blue 
cloud and the red sequence. Which of these scenarios - or which 
combination thereof - is ocurring here is unclear. We provide Ta- 
ble [2] to enable follow-up observations of these objects to further 
illuminate their nature. 



4.1 Are there any Nearby Counterparts? 

In the nearby Universe, our SDSS blue star-forming early-type 
galaxies could correspond to objects like NGC 3032, which is 
the bluest of the early-type gala xies observed in the c ourse of the 
SAURON integral-field survey dde Zeeuw et alj|2002|) and the on e 
showing by far the strongest nebular emission dSarzi et alj|2006h . 
NGC 3032 is also unique in that it shows star formation across 
the entire SAURON field-of-view (corresponding to approximately 
one effective radius), whereas in early-type galaxies with lower lev- 
els of star formation, this occurs in circumnuclear rings. The equiv- 
alent width of the integrated nebular emission of NGC 3032 (4A 
within one effective radius for H/3) is also sufficiently strong that 
it would have been detected by SDSS observations and end up as 
being classified as one of our star-forming blue early-type galaxies. 

Arguing from population statistics, that only one such a galaxy 
is found among the 48 objects surveyed by SAURON is also con- 
sistent with the 1.5% fraction of the early-type population that we 
found to be blue and star-forming. 



4.2 Comparison to Theoretical Models 

We now explore the blue early-type galaxy population in simula- 
tions of galaxy formation. 



4.2.1 Semi-Analytic Models 

In order to compare our results with the predictions of the 
ACDM paradigm we us e semi-analytical mod elling (SAM) 
dKhochfar & Burked 120051 ; IKhochfar & SiS 120061) including a n 
empirical description for AGN-feedback dSchawinski e t al. 2006). 
This model reproduces well the fraction of NUV-blue early- 
type galaxies as a fun ction of magnitude and velocity dispersion 
(Schawinski et al. 2006). It should be noted that without our AGN- 
feeedback prescription almost all of the simulated early-type galax- 
ies were blue in the luminosity range of interest; reproducing the 
colours of early-type galaxies remains a difficult challenge for 
SAMs. We here compare the range of star formation rates for the 
blue early-type population with those obtained from the observa- 
tions. 



Adopting a magnitude limit of M r — —21 and the same 3<r 
cut in u — r as described above to select blue early-type galax- 
ies, we find that 7.7% of model early-type galaxies are selected as 
blue. This fraction is comparable to the 5.7±0.4% that we observe 
(see FigureQJ; the difference may be due to massive gas-rich merg- 
ers that are considered bulge-dominated objects in the model, but 
may have sufficiently disturbed morphologies to have been classi- 
fied as mergers in Galaxy Zoo. In the blue early-type galaxies in the 
model, we find SFRs ranging from 0.1 — 45 Moyr -1 , with a strong 
peak around 1 M©yr _1 and an extended tail to the upper end of the 
SFR range. The fraction of blue early-type galaxies showing SFR 
above 1 Moyr" 1 is ~ 45% and as such is larger than the above 
reported 25%. However, the combined starforming and AGN-SF 
composite population accounts for ~ 50% of the galaxies and is 
well above the fraction of starforming early-types in the SAM, in- 
dicating that a large fraction of the AGN-SF composite population 
might indeed be starforming. 



4.2.2 A Merger Trigger for Blue Early-types? 

iKavirai et al.l d200 7b) have performed numerical simulations of mi- 
nor mergers to determine their role in the recent star formation 
histories of early-type galaxies and explore whether satellite ac- 
cretion could produce the blue UV colours that se em to be com- 
mon amongst the low redshift early-type popu lation dYi et al.l2005t 
ISchawinski et al.ll2007d ; lKavirai et alj|2007cl) . The peak SFRs pro- 
duced in minor mergers (with mass ratios of 1:6 and a satellite with 
a gas fraction of 20%) is less than ~ 1 Moyr -1 (see their Figure 
1). Even if larger mass ratios (e.g. 1:4) and more gas-rich satellites 
(e.g. with gas fractions of 40%) are considered the peak SFRs in 
these events are unlikely to be higher than a few M0yr _1 . There- 
fore, it is unlikely that the star formation activity observed in our 
sample is triggered by minor mergers. 

Accretion of cold gas from the halo should be negligible if 
feedback processes efficiently main tain the tempe rature of the hot 
gas reservoir in early-type galaxies dBinnevll2004b . but it cannot be 
ruled out. A plausible route for the triggering of the star forma- 
tion we are witnessing in these blue early-type systems is gas-rich 
major mergers, where at least one of the progenitors is a late-type 
alaxy. Such events are predicted by current sem i-analytic models 
Khochfar & Burkerq |2003k IKavirai et alj|2006f) and so may be a 
natural trigger for the the time sequence of S07. 



4.3 Are Blue Early-type Galaxies Progenitors of E+ A 
Galaxies? 

An intriguing possibility worth discussing here is that the blue 
early-type galaxy population may be at least partially linked to the 
E+A galaxy phenomenon via an evolutionary sequence. E+A (or 
k+a) galaxies have spectra undergoing no ongoing star formation 
indicated by a lack of Ha and [Oil] emission lines but indicating a 
recent past starburst resulting in a considerable mass-fraction in in- 
termediate age stars (the A' in E+A denotes A stars). First noted by 
lDressler&Gunnldl983h , E+A galaxies are rare and seem to reside 
mostly in low-density environment and their deep Balmer lines to- 
gether with their UV-optical colours point to a path way in which 
star fo rmation was truncated on short timescales dKavirai et al.l 
l2007al) . 

The usual selection of E+A galaxies is via a rejection of spec- 
tra with signs of active star formation and extremely deep Balmer 
lines. If we ignore the star formation criteria and simply focus on 
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the Balmer line cut, only a small fraction of blue early-type galax- 
ies (6/204, 2.9%, see Figure [l4j would meet the HdA > 5 A cri- 
terion. However, blue early-types are still actively starforming re- 
sulting in smaller typical HdA equivalent widths (EW); the HdA 
EW peaks at intermediate ages. Thus, it is conceivable that if star 
for mation is suddenly supp ressed (e.g. via AGN feedback, S07 
and lSchawinski et al .1 1 2009a lbh . then a part of the blue early-type 
galaxy population may represent the progenitors of E+A galaxies. 
The deep Balmer lines apparent in the spectra of blue early-types 
(see Figure [6} indicate that a substantial intermediate-age popula- 
tion may be present. 



5 CONCLUSIONS 

In this Paper, we investigate a volume-limited sample of visually 
identified early-type galaxies selected from Galaxy Zoo and SDSS 
DR6. Our selection via morphology only has allowed us to study 
the population of optically blue early-type galaxies that do not re- 
side on the red sequence like their passive counterparts. We de- 
termine the number fraction of these blue early-types and discuss 
selection effects. The most prominent caveat is the fact that abso- 
lute magnitudes can be boosted significantly, giving the impression 
that blue early-type galaxies are massive. However, their velocity 
dispersions are moderate and extremely few exceed 200 kms - , 
implying masses below 1O U M . There are almost no massive 
blue early-type galaxies in the low redshift Universe. We show that 
the young stellar populations present in blue early-type galaxies 
cause them to scatter off the Faber- Jackson relation and using sim- 
ple fading/ageing models determine that they can fade back onto 
the Faber- Jackson relation within ~ 1 Gyr for small young mass 
fractions of a few percent. 

We use emission line diagnostic diagrams to classify them into 
purely starforming (25%), SF+AGN composites (25%) and AGN 
(12%). The remaining blue early-type galaxies show no strong 
emission lines and so have suppressed their star formation and 
show no AGN (as discussed in S07). We discuss a possible con- 
nection between these objects and E+A/K+A galaxies in Section 

El 

Using a variety of measures (Ha, it-band and IR), we deter- 
mine the range of star formation rates in blue early-type galaxies 
and find a wide range from 0.5 < SFR < 50 Moyr -1 . The higher 
values are the highest values reported for low redshift early-type 
galaxies. By comparing the star formation rate probed by the cen- 
tral SDSS 3" fibres to total IR star formation rates, we conclude 
that the star formation in starforming blue early-type galaxies is 
not confined to a central circumnuclear starburst, but extends spa- 
tially across most of the galaxy. We independently confirm this by 
verifying that the radial colour profiles exhibit blue colours out to 
at least the de Vaucouleurs scale radius, and in some cases, beyond. 
We also measure the gas phase metallicity and find them to be su- 
pe rsolar in every case, c onsistent with the mass-metallicity relation 
of iTremonti et all J2004I) . 

We measure the lo cal environment usin g the measure of 
ISchawinski etal] < |2007<J) and lYoon et al] (2008 ) and find, at a given 
velocity dispersion, a statistically significant difference between 
red and blue early-type galaxies. Blue early-type galaxies are less 
frequent at the highest densities compared to their red counterparts 
at the same mass, implying a role of environment. 

We discuss the place of these objects in our current under- 
standing of galaxy formation. A comparison to numerical simula- 
tion of minor mergers suggests that minor mergers are an unlikely 



trigger mechanism; this leaves major mergers (either early-early or 
early-late) and major cooling events in red early-type galaxies as 
plausible triggers. Further observations of blue early-type galaxies 
should be able to resolve this. Deep optical imaging should reveal 
tid al tails and other fea tures if they are the result of major mergers 
(c.f lvan Dokkurr]|2005l) . 

In order to allow the further study of this exciting population, 
we provide a catalog of all blue early-type galaxies presented in 
this paper in Table [2] 
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Table 2. 


A catalogue 


of blue early-type 


galaxies 




SDSS Object ID 


RA 


DEC 


Redshift 


M r 


U — T 


Star Formation Rate 1 


Emission Line Class 2 


S87777Q8 1 716Q068 1 1 
JO/ / LLyo 1 / JO7UOO 1 J 


1 1 -10-S7 Q 
1 1 . JU. J / .7 


01 -08-^ 1 1 
-Ul .UO. J 1. 1 


04807 
U.UH-OUZ 


-21.43 


2.365 




oeyieri 


S87777Q87777Q7S748 

JO 1 1 LLyOLL 1 LyLJ / H-0 


1 1 -71-77 
1 1 .Z J .Z / .u 


00-47-48 8 

-UU.H-Z.H-O.O 


04084 

U.UH-UOH- 


-20.81 


1.606 




ol 


S87777Q87776Q71S 1 7 

JO / / ZZ70ZZ / l)7ijJli 


1 7-00-04 1 

1Z.UU.UH-. J 


00-4S-^4 S 

-UU.H-J. JH-. J 


047 1 1 

\) . UH- /ll 


-21.08 


2.088 






S87777Q877QQ77 1 710 


1 ^-71-47 1 

1 J.Z J .H- / . 1 


00-^8-7^ 
-UU. JO.zJ.U 


01747 
U.UJ /H- / 


-21.00 


1.998 


Z.J 


cu 
or 


S87777Q811S 1 S8778S 

JO/ / LLyO J J J 1 JOZ / J 


17-08-71 S 

1Z.UO.Z J. J 


. 00-06-^7 
tUU . UU . J / . u 


0408 1 

U.UH-UO 1 


-21.50 


2.038 




or 


S87777Q84440461187 

JO / / ZZ70H-H-H-UH-U J JOZ 


14-76- 1 1 

1H-.ZU. 1 J.U 


. 00- S 1 -18 1 

tUU. J l.JO. 1 


01 1 Ql 

U.UJ 1 7 J 


-20.87 


2.035 




t TNFR 
1 ^ 1 . n n,r\ 


S 877741 Q8787 1 11S47 


01 -41 -Al 7 
Ul .H-l .HO.Z 


j-1 ^-40-^7 8 
Tl J.H-U. Jz.o 


04S1Q 
U.UH-J Jy 


-21.81 


1.432 


1 z. 


or 


S87774 1 QQ1S 1 8 1 7 1 87 

JO 1 1 ZH- 1 77 J J lOlZlOi 


01 -01 -S8 7 

U 1 . UJ . JO. / 


-i-1 S- 1 4- SO 1 

Tl J. 1H-. JU. 1 


04 1 76 

U.UH- 1 / U 


-21.40 


2.261 


7 n 


or 


S877741 QQ1SS78SS1Q 

JO/ / ZH- 1 77 J J JZO J J J7 


01 -16- 1 Q 4 

U 1 . JU. 1 7.H- 


-i-1 4-^Q-74 6 

T 1H-. J7.ZH-.U 


0116Q 

U.U J JU7 


-20.80 


2.310 




rtui^Tor 


S 8777/17 1 1 ^7081 71 70 
JO / / ZH-Z J 1 J / uo 1/1 zu 


01 -44-76 7 

U 1 .H-H-.ZO.Z 


j-1 ^-OQ-^S S 

tl J.U7. J J. J 


04S07 

U.UH-JUZ 


-20.93 


2.152 




rtulMtor 


S877747477Q80771 Ql 

JO / / ZH-ZH-ZZ70U 1 1 I7J 


n9.7c.99 1 
UZ.Z J .ZZ. 1 


07-S 1 -06 1 

~U / . J 1 .UU. 1 


01Q1 Q 

U.UJ7 1 7 


-20.79 


2.243 




rtuiMTOr 


S877746S0177 1 1 17Q6 

JO / / / 1 1 J / 7l) 


I 1 -76-40 7 

I I .ZU.H-U. / 


01 -41 -T7 6 

- U1 .H-l . J / .U 


0467 1 

U.UH-U / 1 


-21.95 


1.857 




t TNFR 


S8777S4Q1 SQQ81S17Q 

JO / / ZJH-7 1 J770 J J 1/7 


1 7- 1 8-S6 

1 / . 1 0. JU.U 


■ S7-77- 1 8 8 

Tj / .ZZ. 1 o.o 


01 1 60 

U.UJ 1 UU 


-20.98 


1.993 




rtuiMTor 


S8777SSS01 1Q408474 

JO / / Z J J JU 1 J 7H , UO L rZ4 


1 7-1S-07 6 
1Z. J J .uz.u 


-1-66-77-T^ 4 

TUU . ZZ . J J . H- 


04684 

U.UH-UOH- 


-21.67 


1.959 


ft 1 

L). 1 


01 


S8777SSS067S7SS071 

JO / / Z J J JUU /J / J JU / 1 


1 7-77-4Q 1 

1Z.ZZ.H-7. 1 


-4-66-S 1 -4S 1 

TUU. J 1 -H-J. J 


01777 

U.U JLLL 


-21.66 


2.270 






S8777^S^1 1QQ177781 
JO / / Z J J J 1 1 yyJLLLo 1 


08-1S-04 7 
UO. J J.UH-.z 


TjZ.H-7. J J. J 


044 S4 

U.UH-H-JH- 


-21.94 


2.402 






S8777S7714SQSS4601 

JO / / ZJ / / J4 J 7 J JH-UU1 


08-07-01 7 

UO.U / .Ul . / 


+4S-47-7Q ^ 

TH-J .H-Z.Z7. J 


04Q1Q 

U.UH- 7 J7 


-21.56 


2.361 






S8777S771460711Q77 

JO / / ZJ / / JH-UU / J J 7 / / 


08- 1 S-SO S 

UO. 1 J . JU. J 


-i-47 -48 -^Q 6 

TH- / .H-O. J7.U 


0407 Q 

U.UH-UZ7 


-21.31 


2.185 






S8777^Q7Q61 SS^Q7Q1 
Jo 1 I Ljy 1 7OI J J J 7 / 7l 


08-16- 1 4 Q 
UO. JU. 1H-.7 


-uS7- 1 7-OQ 1 
tJZ. 1Z.U7. 1 


0480Q 
U.UH-0U7 


-20.77 


1.906 




oeyieri 


S8777SQ8 1 776 1 07077 
jo / / ZJ70 izzu iu / uz 1 


08-7Q-0Q 1 
uo.z7.U7. 1 


-I-S7-4Q-06 Q 

TjZ.H-7.UU. 7 


04847 

U.UH-OH-Z 


-21.00 


1.835 


z. 1 


or 


S8777601 400QS711Q6 

JO/ / ZUU 1H-UU7 J / J J7U 


14-11-17 7 

1H-. 11.1/./ 


.01 -16-11 

TU1 . 1U. J 1 .u 


074QQ 

U.UZH-77 


-20.71 


2.299 






SS777601 61 4Q4^4QQ6 
Jo / / ZOU101+7H-JH-770 


1 ^-07 - 1 8 
1 J.UZ. 1U.0 


j-01-06-71 8 
tUJ.UO.zJ.o 


04774 
U . UH- / ZH- 


-22.37 


2.065 




rtulMtor 


S87776011 17SS48Q68 

JO / / ZUU J 11/ JJ407UO 


1 7-06-47 7 
1 z . uu . t / . z 


-i-OI ■ 1 7-OQ 8 

TUl . 1 / .U7.0 


04 1 74 

U.UH-1ZH- 


-21.18 


2.207 


1 .z 


CF 
or 


S8777601 1 6Q1 S 1 4070 
Jo 1 1 zOU J 1 07 1 J 1 H- UZU 


08-SS-SO ^ 
UO. J J. JU. J 


J.00-4Q-S7 1 
tUU.H-7.JZ. 1 


04 1 7 1 
U.UH- 1/1 


-20.90 


2.031 




Aul>lTor 


S8777601774Q74QSS8 
Jo 1 I LOVjjLm-y /H-7J Jo 


17-11-108 
1Z. 1 1 . 1U.0 


j-07- 1 S - 1 Q Q 

tUZ. 1 J. 1 7.7 


01 Q81 

U.U1 TO 1 


-20.71 


2.266 






S8777601778006688S 

JO / / ZUUJZ / OUUUUOOJ 


11-11 -06 Q 

11.11 .UU.7 


.07-78-48 

TUZ.ZO.H-O.U 


01 S 1 4 

U.U J J 1H- 


-20.87 


2.259 




ocy ici l 


S 87776011 1077 18^41 
JO / / ZOU J JJU / ZJoJHO 


OQ-47-07 7 
U7. H-Z.U / . / 


J-07-78-OS 1 
tUZ.zO.UJ. 1 


0487S 

U.UH-OZ J 


-21.40 


2.361 




ocyiei 1 


S 87776011 871 86774^ 
JO / / ZOU J JO / JOOZ / tj 


14- 1 4-37 1 
LH. m-.JL. 1 


j-01 • 1 1 -74 Q 
tUJ . 1 1 .ZH-.7 


076Q1 
U.UZ07 1 


-21.82 


2.334 






S87776011878 1 77SQ0 

JO/ / ZUU J JO / IZZJ7U 


14-S^-40 

1H-. J J .H-U.U 


. 07-SS- 1 4 4 

TUZ. J J. 1H-.H- 


04447 

U.UH-H-H- / 


-20.84 


1.876 




AfiN-i-SF 


S877761 00QS1417 1 81 

JO / / ZU 1UU7 J JHOZ1 O J 


1 S- 1 7- 1 Q 7 
1 j. 1 / . 1 7. / 


-i-01 ■ 1 Q- 1 8 Q 

TUJ. 17. 10.7 


0174Q 

U.UJ / H-7 


-20.74 


2.131 


U. / J 


■^F 
or 


S87777 1 78QQS7041 OQ 

J0//Z/1/ 077 JZUH- 1U7 


01 -77-0Q 7 

U 1 .ZZ.U7.Z 


0Q-S1- 1 8 8 

-U7. JJ. lO.O 


04771 

U.UH-Z / J 


-21.93 


2.394 






S87777 1 80061 QQQ1 1 7 

JO / / Z / 1 OUUU 1 777 11/ 


00- 1 7-^4 Q 

UU. 1 / . JH-.7 


OQ-17-16 1 

-U7.JZ.JU. 1 


07717 

U.UZZJ / 


-21.58 


2.388 






SS77771 8007071 S46Q 
JO / / Z / 10UU / U / 1 JH-07 


01 -^8-77 ^ 
Ul . Jo. Zz. J 


08-S8-11 4 
-Uo.JO.Jl.H- 


04740 

U.UH-ZH-U 


-20.80 


2.054 






S8777777 1 4 1 44Q477S 

JO / / Z / ZZ 1 H- 1 H-H-7H-Z / J 


OO-OQ-07 Q 

UU.U7.U / .7 


-1-14-77-SS 8 

TlH-.Z / . J J.O 


04 1 4 1 

U.UH- 1H-1 


-21.42 


2.219 




ocyici l 


S8777777 1 Q447467Q0 

JO / / Z / ZZ 1 7 t T t r /H-UZ7U 


7^-06-S4 Q 

ZJ.UU.JH-. 7 


-i-1 4- 1 1 -10 1 

Tit. 1 1 . JU. J 


01QQ7 
U.UJ77Z 


-21.11 


2.298 






S8777777 1 Q4Q00SQ7Q 

JO / / Z / ZZ 1 7T-7UU J 7 / 7 


7^-47-0^ 8 
Zj.H- / .UJ.O 


j-1 4-S0-10 4 
tIH-.JU.JU.H- 


077 1 7 
yj.yjLLL 1 


-20.82 


2.157 




oeyieri 


S8777777S6Q1667161 

JO / / Z / ZZ JU7 JUU / JU 1 


00-^7-4S 7 

UU. JZ.H-J.Z 


10-77-01 6 

- 1U.Z / .UJ.U 


01811 

U.U JO J J 


-21.51 


2.353 






S87777777846Q8178S 

JO / / Z / ZZ / 0H-U7O J / OJ 


01 -76-4Q Q 

U 1 .ZU.H-7.7 


08-7Q-77 7 

-UO.Z7.Z / .z 


04Q68 

U.UH-7UO 


-21.92 


2.355 






SS7777Q414Q761 11 1 Q 
JO / 1 L 1 7HOH-7 1 O 1 J J 1 7 


1 0-04-^8 7 
1U.UH-. JO. / 


j-01 -Sl-77 S 
tUI . J J.zz. J 


01014 

U.U JUJH- 


-21.02 


2.324 






S87778664S067Q41 1 8 

JO 1 1 ZOUUH-JUU / 7*+ 110 


08-7Q-S7 S 
U0.Z7. J / . J 


-I-44-S6-74 6 

TH-H- . J U . ZH-. U 


0477 1 

U.UH-Z / 1 


-21.95 


2.389 






S8777887Q766S67060 

JO/ /ZOO/ 7ZUU JUZUUU 


1 0- 1 6-78 4 

1U. 1 U.ZO.H- 


. 01-1S-07 7 

TUJ. JJ.UZ. / 


04848 

U.UH-OH-0 


-21.72 


2.380 


ft 1 

0. 1 


■^F 
or 


S87778Q0S^61601 1 
Jo 1 I ZO7UJ JDJDUJ 1 J 7 


07-S6-4Q Q 

U / . JD.H-7.7 


J.14-4Q-S7 6 

TJH-.H-7. JZ.O 


040Q6 
U.U+U7O 


-21.06 


2.039 




AnXT-L^F 
/lUlM+jr 


S87778Q700SQ1 811Q4 
jo 1 1 Z07ZUUJ7 1 j 1 y-r 


14-4^-OS ^ 

1H-.H- J .UJ. J 


-1-61 • 1 8-18 6 

TU 1 . 1 O.JO. u 


047Q6 

U.UH- / 7U 


-21.60 


1.344 






S87778Q47Q784167 1 7 

JO / / Z07H- / 7 / OtJU / 1 / 


1 0-47-17 ^ 

1U.H-Z. JZ. J 


00-41 -S8 1 

-UU.H- 1 . JO. J 


04Q8 1 

U.UH-70 1 


-20.82 


2.048 






C0T770O/1QC1 1 £1'7<m 

jo 1 1 zoV4o j 1 1 dj / jy 1 


1 A.flO ./IT O 
IU.U0.4/.O 


-UU. lo. 11. 5 


U.U4JJO 


-22.07 


2.239 




A "NT 1 c r 

ALiIN+or 


587728949049557028 


10:18:06.7 


+00:05:59.7 


0.04840 


-21.65 


2.307 




Seyfert 


587728949584658573 


10:02:22.5 


+00:33:31.0 


0.04424 


-20.89 


2.221 




AGN+SF 


587729157894832296 


13:18:37.5 


+03:59:42.4 


0.04574 


-20.79 


2.312 




AGN+SF 


587729159518945292 


15:22:01.9 


+03:45:06.3 


0.03714 


-22.20 


2.424 




AGN+SF 


587729160046510114 


13:57:07.5 


+05:15:06.8 


0.03967 


-21.86 


2.158 


6.6 


SF 


587729227152752660 


16:03:44.5 


+52:24:12.5 


0.04322 


-20.74 


2.216 
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Table 2 (cont'd) 



Galaxy Zoo: Blue Early-type Galaxies 



SDSS Object ID RA DEC Redshift M r u-r Star Formation Rate 1 Emission Line Class 2 

(Meyr- 1 ) 



587729227683659793 


14 


:51 


:15.7 


+62:00:14.6 


0.04306 


-21 


.45 


2.173 


3.9 


SF 


587729387675844667 


08: 


:51 


:35.6 


+47:33:27.6 


0.02910 


-22 


.25 


2.415 


- 


AGN+SF 


587729407542624367 


16: 


:43 


:23.1 


+39:48:23.2 


0.03024 


-21 


.75 


2.350 


- 


Seyfert 


587729408611647550 


16 


;10 


:51.8 


+48:54:39.2 


0.04504 


-20 


.94 


1.995 


- 


Seyfert 


587729408622723373 


17 


:23 


:24.9 


+27:48:46.3 


0.04845 


-21 


.46 


2.017 


3.2 


SF 


587729751674323201 


17 


;04 


:08.7 


+31:29:02.4 


0.03304 


-21 


.27 


2.318 


- 


AGN+SF 


587729778516820024 


14: 


:06 


:56.4 


-01:35:41.0 


0.02916 


-21 


.37 


2.127 


5.7 


SF 


587729778520817884 


14: 


:43 


:18.6 


-01:15:12.5 


0.04982 


-21 


.63 


2.364 


- 


- 


587730773351006383 


23: 


:51 


:29.1 


+14:04:06.2 


0.03938 


-21 


.25 


2.029 


- 


Seyfert 


587730816286785593 


22' 


;15 


:16.2 


-09:15:47.6 


0.03843 


-21 


.61 


1.707 


21.0 


SF 


587731172234428781 


21 


14 


:52.4 


-00:58:39.9 


0.04402 


-21 


.95 


2.415 


- 


- 


587731185117954089 


22' 


;08 


:06.1 


-00:54:25.0 


0.03797 


-20 


.77 


2.167 


- 


- 


587731186744950905 


00: 


:38 


:14.7 


+00:12:37.5 


0.04440 


-20 


.84 


2.311 


- 


AGN+SF 


587731187267403859 


22: 


:26 


:14.6 


+00:40:04.1 


0.03642 


-22 


.04 


2.340 


- 


- 


587731500261834946 


10: 


:54 


:37.9 


+55:39:46.0 


0.04787 


-20 


.89 


1.976 


6.5 


SF 


587731501332430930 


10 


;06 


:04.3 


+53:42:53.5 


0.04427 


-21 


.01 


1.613 


- 


AGN+SF 


587731512617402577 


03: 


:01 


:26.2 


-00:04:25.5 


0.04285 


-21 


.10 


2.156 


3.2 


SF 


587731513696845940 


03: 


;53 


:34.8 


+00:48:50.5 


0.03785 


-20 


.79 


1.753 


- 


AGN+SF 


587731514229784683 


03: 


:17 


:49.3 


+01:13:37.2 


0.03685 


-21 


.26 


2.200 


- 


Seyfert 


587731514501365802 


03: 


:46 


:12.1 


+01:07:15.9 


0.03805 


-21 


.09 


2.318 


- 


- 


587731521207730241 


09 


;13 


:23.7 


+43:58:34.2 


0.04292 


-21 


.45 


2.176 


14.0 


SF 


587731680111099933 


07 


;54 


:01.2 


+29:25:14.5 


0.03608 


-20 


.71 


2.296 


- 


LINER 


587731874461974650 


08 


12 


:25.5 


+37:43:48.8 


0.03852 


-21 


.07 


1.448 


- 


AGN+SF 


587731887347662946 


08: 


:21 


:49.6 


+39:14:49.6 


0.02821 


-20 


.74 


2.022 


- 


AGN+SF 


587731887888990283 


09: 


:00 


:36.1 


+46:41:11.4 


0.02748 


-21 


.30 


2.200 


- 


- 


587731889505632389 


12: 


:20 


:37.4 


+56:28:46.2 


0.04381 


-20 


.84 


2.238 


0.53 


SF 


587732053246017714 


09 


;18 


:55.2 


+42:00:13.0 


0.04113 


-21 


.74 


2.425 


- 


- 


587732054318645354 


09 


;05 


:37.2 


+41:05:32.2 


0.04137 


-21 


.70 


2.342 


- 


LINER 


587732134844366940 


11 


;06 


:21.4 


+50:23:16.8 


0.03988 


-20 


.91 


2.011 


- 


Seyfert 


587732135382089788 


11 


:17 


:33.3 


+51:16:17.7 


0.02767 


-21 


.40 


2.332 


- 


- 


587732135921057870 


11 


:47 


:41.7 


+52:26:55.8 


0.04816 


-21 


.92 


2.226 


- 


AGN+SF 


587732136457011245 


11 


:33 


:39.1 


+52:40:28.6 


0.04913 


-20 


.80 


2.163 


- 


- 


587732157389013064 


07 


;54 


:20.6 


+25:51:33.2 


0.04167 


-21 


.06 


2.011 


1.7 


SF 


587732469849653424 


08 


:29 


:30.0 


+31:40:31.7 


0.01828 


-20 


.73 


2.090 


- 


AGN+SF 


587732471463411876 


08 


;53 


:11.4 


+37:08:06.5 


0.04980 


-21 


,59 


2.063 


10.0 


SF 


587732484375838770 


15: 


:33 


:44.5 


+39:13:42.0 


0.04034 


-21 


.26 


2.283 


- 


- 


587732577238974514 


11 


:07 


:16.6 


+06:18:08.9 


0.02915 


-22 


.24 


2.502 


- 


- 


587732580982521898 


11 


:19 


:07.6 


+58:03:14.4 


0.03250 


-21 


.40 


2.171 


- 


- 


587732582592479319 


11 


;05 


:59.0 


+58:56:45.8 


0.04765 


-22 


.02 


2.435 


- 


Seyfert 


587732701792895177 


10 


:48 


:07.9 


+06:18:19.4 


0.04196 


-21 


.13 


2.278 


- 


AGN+SF 


587732769982906490 


12 


:20 


:23.1 


+08:51:37.1 


0.04894 


-20 


.88 


2.086 


3.6 


SF 


587732771580149928 


10: 


:16 


:58.0 


+08:39:16.1 


0.02775 


-20 


.92 


2.334 






587732772653957258 


10: 


:17 


:06.8 


+09:36:22.6 


0.04393 


-21 


.09 


1.588 




AGN+SF 


587733081351258168 


12: 


:40 


:55.5 


+55:27:15.2 


0.03175 


-21 


.29 


2.357 






587733195160485975 


13: 


;05 


:25.8 


+53:35:30.3 


0.03812 


-21 


.68 


2.212 






587733197845561478 


13 


:19 


:31.5 


+55:17:50.5 


0.03813 


-21 


.48 


2.325 




AGN+SF 


587733397559902223 


14 


:01 


:55.2 


+51:31:10.3 


0.04122 


-20 


.91 


2.291 




Seyfert 


587733398642688031 


15: 


:47 


:44.1 


+41:24:08.3 


0.03260 


-21 


.04 


2.156 




Seyfert 


587733410445131853 


14: 


:02 


:24.5 


+51:41:13.1 


0.04120 


-21 


.75 


2.388 






587733411518808182 


14: 


:02 


:48.8 


+52:30:00.8 


0.04361 


-20 


.77 


1.893 


1.4 


SF 


587733412055941186 


14 


;07 


:47.2 


+52:38:09.7 


0.04381 


-20 


.78 


1.812 


4.2 


SF 
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Table 2 (cont'd) 



SDSS Object ID RA DEC Redshift M r u-r Star Formation Rate 1 Emission Line Class 2 

(Meyr- 1 ) 



587733412064788620 


15:50:00.5 


+41:58:11.2 


0.03391 


-20.80 


1.879 


3.6 


SF 


587733412068261940 


16:19:32.4 


+36:31:16.3 


0.03636 


-21.16 


2.225 


- 


AGN+SF 


587733432459788474 


16:51:16.7 


+28:06:52.5 


0.04724 


-21.59 


1.921 


4.0 


SF 


587733604808524062 


16:56:20.3 


+32:10:27.4 


0.03671 


-21.32 


2.340 


- 


AGN+SF 


587734303266308145 


22:05:15.4 


-01:07:33.4 


0.03172 


-21.38 


2.011 


- 


LINER 


587734622698602943 


07:47:23.1 


+22:20:41.3 


0.04549 


-20.90 


2.256 


0.45 


SF 


587734622700831054 


08:03:29.3 


+25:44:18.6 


0.04679 


-21.07 


2.295 


- 


- 


587734622705811566 


08:44:37.8 


+32:54:23.2 


0.03154 


-20.91 


2.086 


- 


LINER 


587734891674796073 


11:17:59.8 


+08:44:35.0 


0.04541 


-20.74 


2.255 


- 


- 


587734892755419193 


12:21:23.3 


+09:50:53.0 


0.04667 


-21.45 


2.354 


- 


- 


587734893287374941 


11:35:39.9 


+10:10:02.8 


0.04199 


-21.39 


2.349 


- 


- 


587734949655740512 


08:38:43.5 


+07:48:23.8 


0.02955 


-21.67 


2.356 


- 


- 


587735044152623112 


09:04:55.3 


+33:57:22.1 


0.04354 


-21.57 


2.376 


- 


- 


587735044686348347 


08:36:01.5 


+30:15:59.1 


0.02561 


-21.10 


2.268 


- 


- 


587735348575535135 


12:23:23.8 


+ 15:10:18.8 


0.04238 


-22.04 


2.252 


- 


AGN+SF 


587735697525637156 


14:30:51.1 


+53:54:28.0 


0.04336 


-21.74 


2.348 


- 


AGN+SF 


587735742615388296 


15:53:35.6 


+32:18:20.6 


0.04985 


-21.07 


1.789 


3.2 


SF 


587736477058138251 


15:05:43.8 


+08:47:18.9 


0.04632 


-21.07 


2.282 


- 


- 


587736477586554950 


13:47:47.7 


+ 11:16:27.0 


0.03942 


-21.20 


1.911 


5.5 


SF 


587736478661279818 


13:57:13.2 


+12:01:16.8 


0.02077 


-21.69 


2.142 


- 


- 


587736542015127621 


13:52:00.4 


+08:52:55.3 


0.03766 


-21.48 


1.909 


- 


AGN+SF 


587736584980463705 


16:44:30.8 


+ 19:56:26.7 


0.02300 


-20.71 


1.873 


5.2 


SF 


587736619863965778 


16:21:19.5 


+24:39:59.9 


0.03786 


-21.03 


2.170 


- 


- 


587736783604482120 


15:47:44.4 


+37:12:18.1 


0.03967 


-22.24 


2.447 


- 


- 


587736941986250794 


15:06:24.2 


+32:25:51.0 


0.04339 


-21.20 


2.236 


- 


LINER 


587737808499245260 


08:37:15.4 


+55:54:29.5 


0.03790 


-20.80 


2.291 


- 


- 


587738067267878973 


07:59:12.4 


+53:33:26.0 


0.03479 


-20.92 


1.657 


13.0 


SF 


587738067269255432 


08:10:20.1 


+56:12:26.3 


0.04623 


-20.78 


2.130 


1.0 


SF 


587738195577929986 


07:58:53.7 


+52:19:30.8 


0.04070 


-21.05 


2.161 


- 


- 


587738568174534706 


13:34:09.4 


+ 13:16:51.0 


0.04409 


-22.03 


2.246 


- 


AGN+SF 


587738570849845253 


12:08:37.4 


+16:08:34.0 


0.02265 


-21.65 


2.401 


- 


- 


587738574070939706 


13:24:58.2 


+39:07:06.4 


0.03726 


-20.78 


2.284 


- 


AGN+SF 


587738618094026755 


10:19:08.7 


+34:34:09.3 


0.03525 


-21.41 


2.350 


- 


- 


587738946685304841 


12:37:15.7 


+39:28:59.3 


0.02035 


-20.92 


2.156 


- 


LINER 


587738947194519672 


07:56:36.3 


+ 18:44:17.7 


0.03988 


-21.53 


2.088 


3.9 


SF 


587739096454332452 


12:38:52.8 


+36:32:05.7 


0.04976 


-20.91 


2.173 


- 


- 


587739115234394179 


07:56:08.7 


+ 17:22:50.5 


0.02899 


-20.73 


2.211 


1.6 


SF 


587739132429205602 


15:57:21.4 


+24:24:28.0 


0.04341 


-21.60 


2.221 


- 


AGN+SF 


587739156580597805 


10:01:01.9 


+31:12:17.1 


0.04379 


-21.17 


2.091 


- 


Seyfert 


587739165700653215 


16:09:07.3 


+21:52:03.8 


0.03127 


-20.99 


2.190 




AGN+SF 


587739166237851766 


16:13:25.6 


+21:54:33.9 


0.03193 


-21.75 


2.423 






587739303685193778 


13:15:37.6 


+34:02:31.5 


0.03408 


-20.89 


2.218 






587739406262468657 


15:18:09.6 


+25:42:11.5 


0.03260 


-20.85 


1.960 


6.6 


SF 


587739406268039264 


16:07:54.0 


+20:03:03.8 


0.03165 


-20.73 


1.487 


4.8 


SF 


587739506086707246 


13:26:20.8 


+31:41:59.9 


0.04999 


-21.89 


1.930 


6.7 


SF 


587739647814139970 


10:20:34.9 


+29:14:10.8 


0.04846 


-20.96 


1.998 


1.0 


SF 


587739648357826596 


11:31:22.0 


+32:42:22.9 


0.03368 


-21.61 


2.015 


6.3 


SF 


587739809414905903 


14:30:58.8 


+22:39:45.5 


0.04456 


-20.79 


2.235 






587739810496512078 


15:44:51.5 


+17:51:22.5 


0.04521 


-21.32 


1.994 


3.7 


SF 


587739811571957865 


16:01:28.1 


+ 17:14:25.9 


0.03602 


-21.65 


2.427 






587739814246023211 


16:25:38.1 


+16:27:18.1 


0.03432 


-22.28 


2.430 




LINER 
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Table 2 (cont'd) 



Galaxy Zoo: Blue Early-type Galaxies 



SDSS Object ID RA DEC Redshift M r u-r Star Formation Rate 1 Emission Line Class 2 

(Meyr- 1 ) 



587739814778634376 


15 


:49: 


:59.8 


+21:11:22.7 


0.03493 


-20 


.74 


2.184 


- 


AGN+SF 


587739815852965987 


15: 


:56: 


:33.7 


+21:17:20.7 


0.01470 


-20 


.95 


2.310 


- 


- 


587739828213055504 


16: 


:05: 


:22.7 


+ 16:11:53.6 


0.03374 


-21 


.74 


2.370 


- 


- 


587739828749730189 


16 


:04: 


39.4 


+16:44:43.6 


0.04599 


-20 


.74 


2.308 


0.54 


SF 


587741420558221629 


07 


:52: 


:57.1 


+13:30:02.9 


0.04926 


-20 


.74 


2.310 


- 


AGN+SF 


587741490887852274 


07 


:56: 


:49.3 


+13:53:49.8 


0.04501 


-21 


.49 


2.258 


- 


AGN+SF 


587741490904105107 


10: 


:25: 


:24.7 


+27:25:06.3 


0.04973 


-20 


.98 


2.256 


3.1 


SF 


587741532763324554 


07: 


:55: 


:23.3 


+12:57:11.6 


0.04413 


-21 


.29 


2.331 


- 


AGN+SF 


587741600427147349 


13: 


:17: 


39.6 


+25:32:46.3 


0.04563 


-21 


.12 


2.118 


- 


AGN+SF 


587741601491845160 


11 


:45: 


:03.7 


+26:49:39.8 


0.03011 


-21 


.24 


2.293 


- 


Seyfert 


587741602572730395 


12 


:58: 


:35.2 


+27:35:47.0 


0.02572 


-21 


.79 


1.977 


- 


AGN+SF 


587741708333940769 


09 


:40: 


:44.5 


+21:14:03.4 


0.02442 


-20 


.72 


2.156 


- 


Seyfert 


587741709410369692 


10: 


:05: 


:19.9 


+23:49:01.2 


0.04559 


-20 


.74 


2.316 


- 


AGN+SF 


587741709955563564 


11 


:28: 


:19.9 


+27:37:19.6 


0.03215 


-20 


.71 


2.320 


- 


Seyfert 


587741723360165908 


12: 


:54: 


:53.7 


+28:25:01.1 


0.02465 


-20 


.80 


2.280 


- 


AGN+SF 


587741816781209661 


09 


:48: 


09.2 


+20:18:32.8 


0.03964 


-21 


.34 


2.084 


- 


Seyfert 


587741828579983420 


10 


:26: 


:39.5 


+21:48:11.6 


0.04238 


-21 


.68 


2.387 


- 


- 


587742191508586532 


11 


:06: 


:47.9 


+24:55:47.1 


0.04851 


-21 


.64 


2.132 


- 


AGN+SF 


588007005234856197 


08: 


:17: 


:56.3 


+47:07:19.5 


0.03901 


-21 


.06 


2.309 


8.1 


SF 


588007005259038814 


14: 


:57: 


:46.5 


+59:20:32.7 


0.03922 


-21 


.91 


2.335 


- 


- 


588009371761573965 


11 


:13: 


:06.6 


+61:38:18.0 


0.04543 


-21 


.42 


2.330 


- 


LINER 


588010135730782222 


09 


:24: 


29.6 


+53:41:37.8 


0.04590 


-20 


.80 


1.997 


0.63 


SF 


588010360691490829 


11 


:10: 


:38.2 


+05:56:03.8 


0.04147 


-21 


.16 


2.260 


- 


- 


588010878765826140 


13: 


:01: 


:41.4 


+04:40:49.9 


0.03836 


-21 


.40 


2.101 


1.5 


SF 


588010879306432606 


13: 


:36: 


:12.2 


+04:44:24.3 


0.03434 


-21 


.57 


2.380 


- 


LINER 


588011102644207665 


16: 


:02: 


:00.2 


+47:52:54.8 


0.04309 


-21 


.27 


2.304 


- 


AGN+SF 


588011125186691149 


12 


:06: 


:17.0 


+63:38:19.0 


0.03974 


-21 


.26 


1.686 


18.0 


SF 


588011216986505290 


13 


:13: 


49.1 


+60:41:04.8 


0.03809 


-20 


.75 


2.169 


- 


- 


588011216991289349 


14 


:32: 


:22.7 


+56:51:08.4 


0.04302 


-21 


.74 


1.864 


6.1 


SF 


588011218063392805 


14: 


:10: 


:13.0 


+59:15:23.6 


0.04285 


-21 


.65 


2.323 


- 


- 


588013383806091298 


09: 


:39: 


14.8 


+45:21:57.3 


0.04264 


-20 


.86 


2.310 


- 


- 


588015508201472181 


00: 


:53: 


29.4 


-00:40:38.4 


0.04377 


-20 


.86 


2.317 


- 


- 


588015509815558168 


01 


:25: 


02.9 


+00:26:39.7 


0.02875 


-21 


,59 


2.034 


- 


AGN+SF 


588016840704131407 


07 


:46: 


:02.4 


+18:43:01.7 


0.04625 


-21 


.86 


2.420 


- 


AGN+SF 


588017110752165893 


10 


:46: 


:07.3 


+44:43:28.9 


0.04718 


-21 


.95 


2.327 


- 


AGN+SF 


588017567636652100 


12: 


:14: 


:15.4 


+13:30:55.8 


0.04295 


-20 


.77 


2.311 


- 


- 


588017604156784724 


14: 


:14: 


:33.2 


+40:45:22.9 


0.04185 


-20 


.86 


1.614 


5.2 


SF 


588017604680417320 


11 


:29: 


:48.7 


+44:13:49.9 


0.04539 


-22 


.13 


2.429 


- 


LINER 


588017606292865048 


11 


:52: 


05.0 


+45:57:06.6 


0.04316 


-20 


.72 


1.842 


1.7 


SF 


588017626159906869 


13 


:17: 


:38.0 


+43:48:38.3 


0.02798 


-21 


.07 


1.933 


- 


AGN+SF 


588017627759444009 


10 


:55: 


:46.8 


+44:02:58.8 


0.03715 


-21 


.43 


2.270 




LINER 


588017627778580560 


14: 


:53: 


:23.4 


+39:04:13.6 


0.03153 


-20 


.88 


2.134 


1.2 


SF 


588017702392430629 


11 


:48: 


:57.8 


+11:27:18.4 


0.04321 


-20 


.71 


2.053 




AGN+SF 


588017703476658186 


13: 


:26: 


:37.5 


+ 11:52:10.2 


0.04624 


-22 


.49 


2.527 






588017704030961755 


16 


:07: 


:18.7 


+07:10:51.3 


0.04669 


-21 


.13 


2.227 




AGN+SF 


588017728158695498 


13 


:26: 


:00.9 


+06:13:23.3 


0.03961 


-21 


.35 


2.347 






588017947211006028 


13: 


:37: 


09.3 


+39:52:24.5 


0.04894 


-21 


.51 


2.293 






588017978342375556 


09: 


:46: 


:08.4 


+32:53:50.2 


0.03680 


-20 


.78 


2.231 




AGN+SF 


588017978903232631 


14: 


■AT. 


:32.6 


+36:20:19.1 


0.04712 


-20 


.93 


1.916 


1.6 


SF 


588017979974418577 


13: 


:50: 


34.6 


+38:45:06.1 


0.04918 


-20 


.74 


2.170 






588017979975008316 


13 


:56: 


:49.2 


+38:18:50.8 


0.03431 


-20 


.77 


2.036 




AGN+SF 
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Table 2 (cont'd) 



SDSS Object ID 




RA 


DEC 


Redshift 




u — r 


Star Formation Rate 1 

(Meyr- 1 ) 


Emission Line Class 2 


588017990148816933 


12 


:59:48.6 


+08:55:57.9 


0.04620 


-21.28 


2.177 


- 


LINER 


588017991233110227 


14: 


:37:33.0 


+08:04:43.0 


0.04987 


-21.62 


2.353 


3.6 


SF 


588017991773978739 


15: 


: 14:29.9 


+07:35:46.8 


0.04484 


-20.79 


2.042 






588018091080351786 


15 


:58:25.4 


+32:58:07.7 


0.04798 


-21.87 


2.295 






588018254297038899 


16 


:18:18.7 


+34:06:40.1 


0.04733 


-21.58 


2.307 


2.9 


SF 


588023239671087134 


09 


: 13:20.7 


+17:38:27.7 


0.02554 


-21.33 


2.238 






588295840177061984 


12: 


:19:05.9 


+48:49:27.7 


0.04468 


-20.85 


2.151 




AGN+SF 


588295842320744617 


11 


:25:07.3 


+49:42:02.6 


0.04997 


-21.42 


2.382 






588297863102988421 


08: 


;43:46.7 


+31:34:52.6 


0.04756 


-20.70 


2.110 


7.3 


SF 


588297864718909472 


09 


:30:31.3 


+39:17:50.0 


0.04605 


-21.87 


2.143 






588848899365601360 


10 


:26:54.6 


-00:32:29.4 


0.03463 


-21.38 


2.137 


7.6 


SF 



x The aperture-corrected Ha SFR. This is given only for the objects classified as starforming by the emission line diagrams. 
2 Emission line classification, objects that do not have S/N > 3 in the four main lines are given as 
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